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ABSTRACT. Experimental and theoretical values of thermal neutron capimo 
oross-Boctions have been compared for a number of cases. An attempt js made to explruu 
the discrepancy in many cases. It is proposed that in the case of Agiw^ , Ni'*^ ,
Mo'JTj tind Hf'^ Oj there exist negative energy levels close to zero energy. Radiation widlh 
in the case of Co!*** is considered to be 0,0 ev, instead of 0.2ev as given by Segr^ .
J. I N T R 0 D U C T I O N \
Thermal neutron absorption as well as activation cross-sections have lieen 
more or less exhaustively measured. They have been tabulated in the AECU-20I0 
(1955) report. I t  is possible to evaluate exactly the thermal neutron 
capture cross-sections theoretically, if the various parameters of the resonances 
near the zero energy are exactly known. Breit-Wigner single level dispersion 
formula should be valid in most of those cases, whore resoiiahces are separated 
enough to neglect any interference effects I t  will be interesting to compare the 
experimental and theoretical values of these cross-sections. Any discrepancy 
between these values should reveal th a t either the information about the para­
meters of the nearest known resonances is inadequate or there arc still olhei 
resonances on the positive or negative side of the zero energy.
2. D I S C U S S I O N
In  Tables 1 and I I  arc presented the theoretical and experimental values 
of thermal neutron capture cross-sections at 0.025ov. The experimental values aie 
invariably taken from AECU-2040 (1955) report . The theoretical values aru 
calculated from Breit-Wigner single level formula 0 1 a tt  and Weisskopf, 1952).
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where r) is the cross-section a t 0.025ev; g is the statistical weight factoi , 
Aq is the neutron wave length a t 0.026 ev and are the neutron and the 
radition widths of the reasonance under consideration; 7^^  =  0.025ev; 
the resonance energy in electron volts and F is the total width given hy
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r  — interference effects duo to the nearness of two levels of the
Slime J  and parity are, of course, neglected. The sources from which the values 
of various parameters are taken are given in the tables.
Table I represents those oases whore the ratio 12 is 1 within the uncertainties 
involved either in the resonance parameters used in the Breit-Wignor formula 
oi’ in the experimental values of cr^ . In cases where I  the total angular momentum 
of the target nucleus is very much greater than one, the value of J  is taken to bo 
/  f  ^  which anyhow does not differ very much from the value I —\. The values 
ot J  of the compound nucleus of other cases given in Table I are normally 
taken from the existing literature.
In Table II are listed those cases for which the ratio R is generally quite dif­
ferent from 1. In the first three cases i.o. Hf^’’ 7^ ’^, and Tb '^’*', it is found that the 
contribution to from resonances other than the nearest one is comparable to 
the fij'st one. The case of jy q£ particular interest where the contribution 
from the first level is hardly ten per cent of the total value. While in the case of 
f-ffi77 the experimental gt„ is fully explaijied by taking into account the other 
resonances, the discrepancies in Tb^ ®® and are stdl unexplaiiiod. I t  appears 
])OSsiblo that negative energy levels may bo contributing aiipreciably in these 
cases. Other cases in this table cannot be explained by the known positive 
energy resonances even taking into account the experimental uncertainties in­
volved. Careful consideration of the resonances of Ag^ ®’, Ni®“, In^ i®, Hg^“® and
Fig. 1
Mo®’ whore the value of 72 is very high, suggests very strongly the existence of 
negative energy resonances. In the case of Ag^ ®’ and Hg^ ®® the negative energy 
resonances are also pointed out by Wood (1956) and Begre (1953). In calculo^
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T A B L E  I
S.N. Isotope
J  value of 
compound 
mioleuB
ao in bam
Ratio
R
Reference
Calculated Experi­
mental
1 MnS.T 2 11.1 13.2 1.2 Bollinger et ah (1965)
2 M o » 5 3 6.5 13.4 2.0 AECU-2040 (1966)
3 Mooo h 1.0 1.2 1.2 -d o -
4 Mo08 \ 0.16 0 .4 1.0 -d o -
5 M o io o 0.41 0.6 1.2 -d o -
6 Rhios 0 71.8 160 2 .0 -d o -
1 215.5 150 0.7
\7 Pdios 7.4 12 1.6 Sogre (1963) \
8 Agioo 1 02.5 84 0.9 Wood (19.56) \
9 Odiia 1 19974 20800 1.0 SaUor (1956)
10 lu lls 4 181 197 1.0 AECU-2040 (1966)
11 SniiB 0.02 0.01 0.5 -d o -
12 Teias 1 413 390 0.9 -d o -
13 Sni24 i 0.17 0.20 1.1 —do—
14 Osias 4 17.5 29.0 1.6 -d o -
16 Xei3B 2 2.04 2.7 0 .9 AECU-2040 (1965) 
Deuisch (1956)
16 S m i4 D 4 31420 60000 1.6 AECU-2040 (1955)
17 GdiOT 3 266064 160000 0 .6 -do
18 Tmiflo 1 86 118 1.3 —do-
10 Lui-^a in 12 2361 4000 1.7 -d o -
20 H f lT B 4 71.1 75 1.0 -d o -
21 TaiBi 4 13.7 21.3 1.5 Wood (1966)
22 W182 9.1 19 2. 1 AECU-2040 (1966)
23 Reiss 3 74.5 100 1.3 -d o -
24 Wisa 45.4 34 0.7 -d o -
25 R e iB 7 3 39.4 63 1.6 Segre (1963) 
AECU-2040 (1965)
26 Iris a gn = 0 .4xI0~ aev  140.9 130 0 .9 Begre (1953)
27 AuiBT 2 89.6 98 1.1 AECU-2040 (1966)
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TABLE II
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S.N. Isotope
J  value of 
Qompound 
nucleus
ffo in barns
References
calculated experi­
mental
1 1127 3 0.10 +  0.89 
+  1 .10= 2 .18
6 7 3 0 AECU-2040 (1965)
2 Tbin9 2 4.9 +  6.1 +  
0 .2 = 1 0 .2
44 4.3 -tlo-
3 HfJ77 214 +  83 +  5 
=  302
380 1,2 Igo et al, (1950) 
Segre (1953) 
AECU-2040 (1966)
4 Co“D 4 16.4 37 2.2 AECU-2040 (1956) 
Segre (1953)
r. Ni03 h ] .33 15 11.2 AECU-2040 (1966)
G Mo»7 3 0.3 2.1 7.0 -d o -
7 AglOT 1 2.6 30 11.4 Wood (1966) 
AECU-2040 (1066)
8 Sniii! 4 0.42 1.3 3 0 AECU-2040 (1965)
9 Iniia 5 4.3 58 13.6 -do
10 Sni2o 4 0.006 0.14 26.4 -d o -
11 Eu^os 3 1233 420 0.34 Segre (1963) 
AECU-2040 (1955)
12 Hoi os 4 21.8 64 2.9 AECU-2040 (1965)
13 Ybins 4 3768 11000 2.9 -d o-
14 Hfl7 4 4 2.35 1500 638 —do—
in TTflTD 1 10 65 6.6 -d o -
IG Hfiso 4 0.25 13 62 -d o -
17 Wisa 1 2.3 11 4.7 -d o -
18 IriDi g fn = 0 .2  
X 10-8 ev
267 960 3.5 Segre (1953)
19 TTglQD 1 8.8 2600 284 AECU-2040 (1955)
ting tr,j (theoretical) for Co“®, F-y is taken to be 0.3ev as given by Segre (1953). 
fliis value of F  ^could be in error. In the case of Mn®® also F, is 0.2ev according 
to Sogre (1953), but from the recent measurements made by Bollinger and Dahlberg 
(1955), F, =  0.6ev. As C0®» and Mn®® are very near to each other in atomic 
'veigJiis, and F  ^changes only slowly with atomic weight as point-ed out by Levin 
Hughes (1955), Fy for Co®® may be taken to be 'rrf 0.6ev. This gives the 
nearly equal to 1. As all the resonances in Ho^ "® and H F’® are claimed
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to be known by Harvey et al. (1955), the discrepancies between the experimonlal 
and theoretical value of o-q cannot be accounted for by the known positive eneigy 
resonances. These again may be the cases where the negative energy resonances 
play some part. The rest of the cases I involve so many uncertainties in the 
various measurements that it is very difficult to assign any particular reason lor 
the discrepancies. In the case of isotopes of Sn and Hf, the pofcsibility of 
some of the unresolved resonances is quite strong. In the case of rare earths 
small impurities can make great contaibutions in the cross-sections which could 
be the cause of error in some cases. Figure 1. gives the value of the ratjo R 
for various atomic weights. TSmj cases of discrepancy are solf-ovidont.
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